Background: Colorectal cancer is the second most frequent cancer and adenomas are widely accepted as precursors to colorectal cancer. Diagnosis and removal of adenomas are recommended to reduce cancer incidence and mortality. The current diagnostic methods include sigmoidoscopy and colonoscopy. Lately, CT-and MR colonography have emerged as non-invasive methods for colon imaging.
INTRODUCTION
Colorectal carcinoma is the second most common cancer related cause of death in the United States (1, 2). Most cases of colorectal cancer arise after the age of 50 and screening of asymptomatic individuals in this age group with faecal occult blood testing and subsequent colonoscopy in case of positive findings has in three large randomized studies been flexible sigmoidoscopy, which can examine approximately 50 cm of the rectum and sigmoid colon. The required bowel preparation is minimal and the examination causes the patient little discomfort. Sigmoidoscopy has a high sensitivity and specificity for carcinomas and adenomas in the rectum and the sigmoid colon, in which about half of the colorectal carcinomas are located. Colonoscopy has a sensitivity of almost 100 % for adenomas and carcinomas larger than 1 cm, but a complete colon examination to the ileocoecal valve is only attainable in approximately 85-90 % of the examinations. Incomplete colonoscopies are usually followed by an additional barium enema. Colonoscopy requires extensive bowel preparation, sedation as well as an experienced examiner. The examination can be unpleasant and the risk of perforation is approximately 0.2 % followed by added morbidity and mortality (8). However, unlike CT-and MR colonography, colonoscopy offers both the diagnostic and the therapeutic aspect. The accuracy of double barium enema carried out by experienced examiners is close to the sensitivity and specificity for adenomas and carcinomas during colonoscopy. However, the examination is purely diagnostic and should be preceded by sigmoidoscopy because of the often poor presentation of the rectum and sigmoid colon. Barium enema will therefore most likely gradually be replaced by endoscopy in the future. Faecal occult blood testing requires a strict diet prior to the testing and has a sensitivity for carcinoma that varies between 35-94 %, depending on the test used. Hemoccult-II ® , which is recommended for screening of asymptomatic individuals in Denmark, leads to positive findings in 2 %, who are subsequently examined by colonoscopy. The specificity and sensitivity is 99 % and 60 % for carcinoma when using Hemoccult-II ® but in individuals with bowel symptoms, Hemoccult Sensa ® is recommended because the sensitivity is 20 % higher than Hemoccult-II ® (9). The development of more powerful computers, helical CT technique, MR scanners and lately multislice CT scanners, has made it clinically realistic to examine colon in a single breath hold using air or liquid as contrast in a method called CT colonography (CTC) or MR colonography (MRC). In CTC and MRC the 2-dimensional (2-D) and 3-dimensional (3-D) images are simultaneously analyzed to detect any lesions. The 3-D images resemble the endoscopic images and are also known as virtual colonoscopy (VC). The technology has previously been used to visualize airways and blood vessels and was first described for its use in colon examination by Vining et al. in 1994 (10) . With VC it is possible to visualize colon using retrograde and antegrade "fly through" navigation.
In the last few years the examination time has been significantly reduced and the total examination time for the patients is now less than 10 min. The radiologist then spends 20-40 min to interpret the images. The potentially fewer complications, the lack of sedation, and the lesser patient discomfort make CTC and MRC colonography interesting prospects for future diagnostic colonic imaging.
METHODS
CTC requires prior bowel preparation like conventional colonoscopy to prevent fluids and faeces from creating artefacts and concealing polyps and other abnormalities. The bowel preparation is similar to the one given before conventional colonoscopy. Prior to the CTC the colon is insufflated with room air or CO 2 . Some investigators have found less patient discomfort with the use of CO 2 (11, 12) because of the quicker absorption, but others have found the difference to be negligible (13) . The colon is then insufflated to the limit of patient tolerance and a standard scout view image is acquired to assess the degree of colon distension. If the colon is insufficiently distended, further insufflation is needed. Glucagon or Buscopan is routinely administrated intravenously to minimize peristalsis and alleviate spasms, which can appear as strictures and conceal abnormalities. The administration of drugs, however, is a controversial issue since Yee et al. found no effect of glucagon hydrochloride on the distension of the colon in a large study (14) .
The images are acquired in both prone and supine position to maximize the image quality, which is affected by the free movement of air and fluid in the bowels. The patient holds his breath during the image acquisition but since this usually lasts about 60 sec, the entire acquisition is split in two by a pause to breathe. Fast multislice scanners can obtain a full abdominal scan in thin slices during a single breath hold. Some investigators have successfully used only one position (15, 16) (17) . The total time in the CT suite is 20-30 min. After this data are transferred to an independent workstation for reconstruction and interpretation. The reconstruction was previously done manually, but semiautomatic detection of the lumen is now being used. Full reconstruction and interpretation of the data averages about 10-30 min but the time spent here is expected to decrease as the computer processing power and intelligent software are further developed.
MRC usually begins with bowel preparation like CTC and conventional colonoscopy. However, Weishaupt et al. have had good results with tagging faeces prior to the colonography to avoid colonic cleansing (18) . Tagging faeces with oral contrast (Gd-DOTA, gadoterate meglumin) makes it possible to remove faeces digitally from the images during the reconstruction. Despite the good results, MRC without colonic cleansing is not widely used primarily due to the lack of data concerning sensitivity and specificity for this particular method, but also because of the high cost. However, in a recent paper by Lauenstein et al. high sensitivity for polyps and lesions was shown using barium sulphate as an inexpensive tagging agent, which brings MRC one step closer to obviating bowel cleansing (19) . After colonic cleansing the colon is filled through the rectum with approximately 2 l of water spiked with e.g. gadopentetate dimeglumine using a hydrostatic pressure of about 1-2 m. Glucagon IV is used as in CTC to minimize artefacts. A non-section-selective MR sequence provides an update image every second to monitor the colonic filling. The number of scout images is higher than the ones taken during CTC due to the lack of radiation in MRC. The actual MRC image acquisition is performed when the entire colon is filled with spiked water and lasts approximately 30 sec, during which the patient holds his breath. The time spent in the MR suite is about 20 min. Both prone and supine scans are performed and some investigators also use IV MR-contrast to evaluate the enhancement of colorectal mass lesions (20, 21) . The post processing and interpretation are essentially the same as in CTC.
The latest research in the area aims towards methods for better visualization of the colon and increasing the sensitivity and the specificity. Most investigators are presently of the opinion that the best and most effective method is 2-dimensional multiplanar reformation, where primarily axial, but also coronal and saggital slices are shown simultaneously, with the option of 3-dimensional reconstruction for problem solving ( Fig. 1 and 2 ). Other techniques like dual direction endoluminal visualization (rear view mirror), mathematic straightening of the colon and digital flattening techniques "digital gross pathology" are being tested at e.g. the Mayo Clinic and at Stanford University. Other options are extraluminal reconstruction of the colon and "panoramic endoscopy", where the view from six virtual "cameras", each covering 60 degrees, are aligned to visualize the entire colon (13) .
Besides better visualization, researchers have been working on computer aided diagnosis (CAD) which brings hope for quicker everyday implementation. Basically, the com- puter analyses the colonic wall for polyp-alike shapes, which have been pre-established and alerts the reader. Using such a technique, Yoshida et al. have shown a sensitivity of 100 % with a false positive rate of 2.5 % per patient (22) . Another novel technique for MRC is the use of air or hyperpolarized 3 He, which allows image acquisition without using the costly MR contrast, a method which places MRC even closer to CTC (23, 24) . The final recommendations of these methods have not yet been determined.
RESULTS
CT-and MR-colonography have been able to identify polyps larger than 4 mm in ex vivo colon and in computer simulations on pigs, but so far only relatively few prospective clinical trials concerning CT-/MR colonography sensitivity and specificity have been published (Table 1) . From table 1 it appears that the sensitivity per patient is low in the majority of the trials, even though recent works has shown higher sensitivities. This would result in many unnecessary colonoscopies if CT/MR colonography were the standard procedure in a large screening program. False positives are often due to poor colonic cleansing (unless fecal tagging is used), inadequate distension, fluid or mucosa folds simulating polyps. As shown in the table, the low total sensitivity is affected by the low sensitivity for polyps smaller than 10 mm. If the sensitivity for polyps larger than 10 mm is evaluated, it is obvious that the method is just as reliable as conventional colonoscopy and far more sensitive and specific than double contrast barium enema.
DISCUSSION
The sensitivity for polyps > 10 mm with CTC/MRC has been rising and is at present close to the sensitivity of conventional colonoscopy (Table 1) . Conventional colonoscopy as gold standard causes bias by itself due to the possibility of underestimating the true sensitivity and specificity of CTC/MRC, which may be caused by overlooked polyps and carcinomas (thus giving "false positive" CTC/MRC results). Furthermore, it has been shown that conventional colonoscopy may misjudge polyp size in 5-10 % of the examinations and that localization is often misjudged as well (25) . It's also common knowledge that conventional colonoscopy does not visualize up to 20 % of the colonic wall. This will decrease specificity in the CTC/MRC studies, as polyps are then registered false positive if the size or localization is wrong compared to polyps found in conventional colonoscopy. Thus, the high accuracy in e.g. the trial of Pappalardo et al. could be due to this since the findings at colonography was double-checked, both by colonoscopy and by surgical findings (26) . Most trials are often weakened by selective patient recruiting, prior knowledge of abnormities in patients and lack of intra-and interobserver variation assessment. Only few studies have been blinded and prospective, none were randomized screening programs and most of the studies have used different methods (bowel preparation, collimation, radiation dose, etc.). Furthermore, some of the studies in table 1 have given a "per polyp" besides the "per patient" sensitivity, while some have only published the "per polyp" sensitivity (27, 28) . In some reviews this has contributed to the false impression that the sensitivity for CTC/ MRC is very high, but the error made by analyzing the sensitivity per polyp, is a basic statistical error, "wrong sampling bias". Counting the patient more than once, if there is more than one polyp per colon results in this error. The true sensitivity describes the probability of finding one or more polyps in one patient and not the probability of finding all the polyps in one patient.
A faculty consensus at "The Third International Symposium on Virtual Colonoscopy, Boston, 8-10 April 2002" stated that once a polyp of a certain size (a size limit of 10 mm was suggested) is found, it should subsequently result in a therapeutic colonoscopy (29) . Smaller polyps between 5 and 9 mm should be re-examined three years later and polyps smaller than 5 mm should not be reported due to the clinical insignificance and the high false positive rate. At the same time it is reasonable to assume that the sensitivity for smaller polyps will rise as the exponential development in computation power takes place and new methods are refined. Furthermore, the consensus stated that the best studies have shown a sufficiently high sensitivity of larger polyps to justify actual clinical use of CTC in select groups of patients and replace double barium enema after incomplete colonoscopies, especially in older and weaker patients (29) .
The most obvious advantages offered by CTC/ MRC are the short examination time, the non-invasive nature and the lack of need for sedation. This makes it possible for the patients to go home immediately, instead of occupying beds while waiting for the effects of the sedative to wear off. Furthermore, it is reasonable to assume that patient compliance will rise, since most of the patients find CTC/MRC less unpleasant than conventional colonoscopy or barium enema, not to mention the further increase in compliance that will take place in the future if CTC/MRC can be performed without colonic cleansing. Contrary to barium enema, it is also possible to carry out CTC/MRC prior to or after colonoscopy. Among the technical advantages is the possibility for retro-/antegrade visualization and thus the opportunity to detect polyps hidden behind mucosal folds or strictures. Furthermore, it is possible to assess morphological changes, like lumen diameter, colonic wall thickness and localization of pathology in relation to extraluminal landmarks, not to mention the possible assessment of extra-intestinal pathology that CTC/MRC may offer. CTC/MRC can therefore be especially useful in preoperative cancer staging. Thus, in a preoperative staging study using CT colonography, 81 % of the cancers were staged correctly which could have both pre-and postoperative therapeutic consequences (30) . CTC/MRC also has a potentially important role in preoperative assessment of strictures and obstructing tumours. In a study by Fenlon et al. (31) , 29 patients with carcinomas, where colonoscopy above the obstructing lesion was impossible, CT colonography showed two synchronous carcinomas and 24 polyps. Other investigators have found that up to 6 % of patients with obstructing tumours have a synchronous cancer and 58 % have polyps (32) . Furthermore, it has been found that 30 % of the synchronous cancers are not found by intraoperative palpation (31) . There are weaknesses in CTC/MRC that have to be resolved before wide routine use of the method can be recommended. So far the method is expensive, but this will probably change gradually with the exponential development in technology. Another present technical problem is artefacts and inadequate spatial resolution, which means that polyps, flat carcinomas and other mucosal changes can be overlooked. Residual air and faeces as well as poorly dilated segments of the colon due to inadequate air insufflation, are still causing problems. At present it has not yet been determined which advantages and disadvantages random extra-intestinal findings will bring. Another issue to consider is the radiation risk in CTC. Although it is possible to use lower doses of radiation during CTC than during a conventional CT scan, and even though the radiation dose is approximately half of the dose used for a barium enema, the dose of repeated CTCs, as used in screening programs, will be considerable. CTC in 2 positions as used routinely may give a radiation dose of approximately 10 mSv, which is related to an excess risk of fatal cancer of approximately 1 in 2000 (33) . This is controversial and other trials have successfully completed examinations with radiation doses of approximately 7 mSV with comparable results (15, 34, 35) . In theory, MRC is therefore from the radiation dose point of view preferable to CTC, but whereas CTC is readily performing submillimeter resolution and "multi-organ-screening", MRC still needs further development before it can work as a routine in clinical practice.
MR-/CT colonography is still in its infancy, but most likely the speed of the technological development will further refine the methods in the near future. Improvements like better fecal tagging, increased spatial resolution and use of multi-slice CT scanners, which makes imaging of the entire abdomen in less than 10 sec possible, are already available and being tested. Furthermore, the added use of "intelligent" computers will be able to help the examiner to detect polyps by monitoring the colonic wall. CT-/MR colonography, with the continuous development of new and refined methods, will be the diagnostic tool of the future in both examination of symptomatic patients and in the screening of asymptomatic persons. It seems probable that the present disadvantages will be reduced or resolved in a few years and that CTC/MRC will surpass conventional colonoscopy in speed, sensitivity and patient comfort. Looking ahead, it seems like MR colonography is the theoretical first choice compared to CT colonography considering the obvious advantages (Table 2) , but at present CTC appears to be the more applicable of the two due to the more advanced stage of technological development. Further validated research through blinded randomized trials and large multicenter studies is necessary before CTC and MRC can find widespread clinical use. 
